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Abstract ofW09629375 

A method of making the surface of a base material 
ultrahydrophilic which comprises the step of coating the 
surface with a layer containing photocata lytic semiconductor 
material such as titania and the step of photoexciting the 
photocatalytic material to adjust the angle of contact of the 
surface of the above layer with water to about 1 0 DEC or less. 
\A/hen this method Is applied to the surface of a base material 
such as mirror, lens or windowpane, the growth of waterdrops 
is prevented and the base material becomes highly 
antifogging. The articles treated by this method do not 
undergo any deposition of contaminants on the surfaces 
thereof and are readily cleaned by rainfall or washing with 
water. 
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(57) Abstract 

A method of making the surface of a base material ultrahydrophilic which comprises the step of coating the 
sui^ce with a layer containing photocatalytic semiconductor material such as titania and the step of photoexci^ing 
the phococatal^ic material to ^just the angle of contact of the surface of the above layer with water to about 10 or 
less. When this method is uipli^ to the surface of a base material such as mirror, lens or windowpane, the growth of 
waterdiops is prevented ancl the base material becomes highly antifogging. The articles treated by this method do not 
undergo any deposition of contaminants on the surfaces thereof and are readily cleaned by rainfall or washing with 
water. 
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Wi^ 2910an- > ©iSfifrii sp ^Sfi^it© C-H^S-g-J^IJc^JgO^^t t'- 

J6 t»nx 2970an- » (D^mzii sp »Sfiic«yt© C-H *^^i^s^lr^#^^©:^# t-- 

25 Tia©-«J^ ( 1 ) T^f •> V =J- >©^3-^©>5r^^lt^^JCi^'^U/cW«l**<^ 
M«Ef^ffiCJ:oT7KB?S»ce«l$n. id (2) T^f^-T J: ^ «'>V 3- 
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R R R 

I I I 

Si — O — Si — O — Si — O — ( 1 ) 

I I I 

o o o 

I I I 

OH OH 

I I 

O — Si — O — Si — O— (2) 

I I 

0 o 

1 I 

5 

T:>-^— im^:^-T'/>'l' (.BM<m> TA-15) ilillB "^'yT.ti'' © 

30 T©Kfi©Jt*<. i^^*!-^ 5%x 10%. 50%s 8 0 Jwl9^L/wo 

3 4 




10 OH 

I 

— O — Si — 



15 



m 
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# 1 - # 5 BLB ^-fdrti: 0 . 5 mW/cm = ©BB|g-CJg:*: 200 mm^^f^ 

f^.^m^ rait bx *>7K i (Dmnn if^-f '$>n ^j: i 

Hils ^^-T©iiJ'^*<^^ 5 0mS%(!: 8 0 4 i5«3^<i: # 5^3H4(r 

miwiJceUA:^. ^ttl^fliJ^S (CA-X150) {r.i:07K<i:®figfttft*fiiJ^L7ttC 

20 

illi^j 1 6 

f-^-r-^mv-jTzi^ vommmt^v^^ztcib. mmxi^^y^um^n 
25 nmm 1 5 tmm(D:G^x\ 1 0 cm mno^m^or^^ y ^pmflttsoafficiK 

3 5 
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a^OOmm^ (JIS) H8602 \ m^(DmM'^S&^(!!>Z'X'7. ^ 7 ^ U> h 

mmm i ? 

10 fSffg)!^ 

SIMfi^Jl 3 «»:I^|im©-^0:S"T% 1 0 an Eg^©Til^ $ — »> A^O^®{r5fe^m 

BLB ^it*Ti::<k 0 0 . 5 mW/an ^CDltn^^^ST^^fi^^fi^lt 

3 6 
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,!: d 5 4 W © BLB m^0^-Ee 0 . 3 mW/cm ^ ©33l^iiai!SST^^i&^ 
t {l'i:>r b IW i; TJi^^i I > J; -9 jr mstt t» ti 5 o 

15 m^m 1 8 

^ifi«»J 1 3 tmm(O^Kf:fsX'. i o omEg^oTyi/^ ^■^A^^Mtr^t-rig 

Ji:5 i[zm(0«>U 3->(ZX-X=r- h^J^iiSU/Co 

?>;lw. T:^:^'— ifMf-r^-T'/^U (B^Yk^. TA-15) <hluia -^yTsti' <D 

25^ ICx C (DUmiZ BLB litjt*T*ffl t ^T 0 . 5 mW/cm 2 ©B?,a[T 1 B P^^^iS 

3 7 
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iS 










0' 


2' 


I' 


3* 



5 

^Jfifi^J 1 9 

15 cm©<i:C;5{C 20Wcr)BLB:^^5tI^ieaUT.*i!tt"L. liJ^fClS^^*^^ 1 r^F^M 

25 :kS&m iEscbeiicbia coU W3110 iRc) ^— ^Jg d: ^ L/C^^^^3^'C^i5fe^ 

«miKa*Ti:)?'fg{rlfr|RUTS«[^f336U/ie 0.15ml (10000- 50000 

3 8 
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*fr.mi^mvsm -cu mimif-Wftsi 

20 w 0 BLB ^3fe0ir J: (5 mnKmi^fSL'Sr 1 ^F^Mitf 5 c i tc «k t) mmm^^ J 

25 !!Jcgr*>J:fTM*4©^®jr«0^^l^^-li-. f9^i|si7K^^S©W^R^m^•r 
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7i^t(Dmf&n c ) 




#214*4 


1 0 






9 






5 0 





«5 









# 2um 


3 






4 9 






5 3 





10 

an CDI^ISI© <t w C 4 W © BLB :^^«"^ES U> 0 . 3 mW/cm 2 O^^MMflg 
20 -CfJI^i^^fiSJWU/Co 3 0^3'^{r7=>'>!r-iJ'F^CD;yx^aiSlUs ^r 
4 0 
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mmm2 1 

^{r^-^L> COS-^jiar^l 0 onE^OTi^ U>'I/<^fl&*g0^ffi{rM?^L. 100" 

T^^—^m^^-TVju (TA.15 ) t3mm%c[>mmm7i<.mi6.'S:m^ 

sia6«^2 0 tmm<o:&mx^ inntr^ y7H»^lit£lro^^TE)^«tt«i:7K^:© 

3-9* Tfeo. ftfxi^unc^^oy^o t«:mtt^ro^,^T{i> r^v/uwHt^iio 
I >T(i:*:lgm©^#^{i 7 0 %^JiT*» ^ /c*^ # 1 l^i|4T'(i 1 o %^mx$> 

25 ^mx$> o # 1 unxitf^^mii 9 0 ^jkjit* ^ y^io 

IIM«»J 2 2 
4 1 



m 
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5 mf^^ 1 nAm^L fz'^. BLB ^^jCJ^m t >T 0 . 5 mW/an ^ ©BBa^T' 1 ^3-®^ 



^^fll^ 2 3 

15 ^ii^J 1 3 O # 2 ^)|£4 BLB ^^t^T^IB t 0 . 5 mW/cm ^ ©BBgT 1 0 

»} /cK3|sf 2 4 (Dm.mzm^^ i^xmr-t^x oizfi-oxi^^o 
c:o^so«*4^^®2 2{c# 3^^J4<i:> n 1 3®# lumt. ^mmi 

25 3 O # 2 l«*4^^'5r 0 > 1995 ^ 6 ^ 12 B *m$, 9 B F^^<^^#tCSSI 
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Bit 




f^WM. (nun) 




6^ 12 B 


mo 


0.0 


0 


6^ 13 B 




53.0 


0 


6^ 14 B 


m-mmo 


20.5 


0 


6^ 15 B 


NpBtn 


0.0 


3.9 


6.^ 16 B 


mo 


0.0 


0.2 


6^ 17 B 


mti-mm o 


0.0 


9.6 


6^ 18 B 




0.0 


7.0 


6^ 19 B 


m^^mo 


1.0 


0.2 


6^ 20 B 


mo^^im 


56.0 


2.4 



6 ^ 20 B izmm vtztz^. m&i^mTb<f£ i ^ # i u.n-vit. unmm<Dmm 
15 ^<Dmtii)<smitm^^tifzo ztuzMLx^ ^m^mnj^ir,^ # 3 ^ntit 2 

i|E^T{±^^^n^>3• ^si-c^-^^o #2s«3|4©s?ma*<3" ^^mizti-^tzcoit. 

4 3 
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fell(iB«li^t& (Jis) H0201 AE» a^^fflc>/c„ ilPj$f4®^ISSli 



^7 









# m*4 


4.1 


1.1 


#2^*4 


0.8 


0.5 



^:^^J 2 5 

20 ililiif^ 23©#llti|4i#3 K5|sf©«®ic;j- ym^mMX^. S«*4affi*7K 

4 4 
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5 mmm 2 6 

mmm 2 s © # i tit 3 u.^^omm^^jK-um ^ u tz^. mntz a izmm^ 
^e^u/cic^. w^(Dmmizit7i<imj!)<mwLx\.^fzo ztuzmL. #3mn 

10 ©M(i^^{r^^bTi^/i„ 

15 

mmm 2 1 

T■^^— fe'i!!f-:^^-TVyu (:^B5©5M^llx srs-ii) tuo-f 
20 1 5 cmeg^iDiaifib^^'^P (mPfi«5§. AB02E01) (DmMlZT.-riy-ZJ-'r 

25 BLB It^^ffi I ^T^©^ffi{C 0.03 mW/an « <D^ir\.fgmmX 1 B 



4 5 
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mmm2 8 

^^-T . ->U ^».fell g-^pqBgBflT-rg>g.7kYK 
T-^^—\fm=^i^—T'/jV (STS-ll) tZ2X3>( ^)V'^i)-hVJ\^ (Bjg-fb^. X 
0) ^mB^(0=ejUif^S 0 : 2 0 Ota-g-Tm-^U^ 1 5 an 
5 n<Dm^^^}l' (AB02E01) ©MtrxT^b—n— >^}*{lck ^^1: L> 80 

efe:^^';rr^fflt>Ti^*4oMc 0. 0 o 4 mw/cm ''com^fsummx' i bPb^ 

IIS&^2 9 

15 T:h^— ifiS!^iJ'^T'//l/ (STS-ll) t^VJ-i^JVi^Vtr'/Jl^ (EM^t^. X 

2 5%. 3 0 96T*>ofco ^>«r©IBffi«0.08 g^jglj>!r©l 5 an -< 
(AB02E01) ©affitw^>5^X7'L/-3— r>f >^^{wj;»}i^— tCgl^^L. 800- 

-e©^. BLB mitf^S'Srmii^XUincDmmiZ 0 . 0 3 mW/an 2iD{!fe^3|^B^a[-e 

4 6 



wo 96/29375 PCT/JP96/00733 



10 

9I«&«»J 3 0 

Ti-^—^m'f-^—TVj\^ (STS-ll) <i:=ro-r^yl/i/U;^VVKxy-T-«y^ 
15 T 4 . 5 m g /fit 1 5 an m-^ODM'S^^ -< (AB02E01) {1^?^ 880°C CD&m 

MfiTSi^fffl^^iiSl^BBItLx # ll*3l4*t#^o # l^J|54iJteii*i}'-r;P (AB02E 
01) (D7ict(Dmmnit^^ 0' *;J:C53 0- T*o/Co 

»y 4.8 m»96. •> y 4.8 mfi%. iS7Kii?^-'j? ^ 4.7 s«% 

4 5SfrM^$-li-fc# iKilsffcctC^ilgJfibiJ'^'.'l/ (AB02E01) {C±iax^U-15 
W'^fco 3tiRa[©jllI«{iB«lilie*& (ns) z874i©jK^fctJeoT^tt^. iJfciRS 



WO 96/29375 



t 
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^ MAB02EO1) 




0 


3 0 




0.7 


5.6 


itRmmit (%) 


93.4 


74.1 



mmms 1 

(AB02E01) VJl^mmt. rf^*):cXy^JUmm'^^hV yi^:^t-t^A 

m:kM^WL (MmiSLn. MU03) . ;f>U h^^/U^UJ^^UV (PTFE) tgT*> 
10 o /Co #2 U^li. 3 0 O # 1 lii|!4lC. S^^gM 5 0 fi mol/g ©g^^S? 1 tK 

ig©7tci§«t^0.3 gxn/-=r-7^>f BLB 
0.4 mW/an ^ ©^ii.|iiiSS-c5^^*^;£- 1 O^SISgM LTftK^ 

15 ^9 





A^tcom^n c ) 




^nrnm^t (%) 


# 


0.0 


0.7 


9 3.4 




4.0 


2.0 


8 1.5 




1 9.4 


4.6 


6 8.3 




5 0.9 


4.5 


6 9.3 




5 4.8 


3.2 


8 5.2 




10 5.1 


0.9 


9 8.2 



ti. m&ms o©# mjisjts tm^-c^^ (abozeod 

4 8 
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m.1 0 





7i^t(om^n (" ) 




# iKm 


0.0 


0.9 




19.4 


1 . 5 




5 0.9 


2.3 




90.0 


4-2 




10 5.1 


7.8 



5 

mi 7S®r^7{r7"u-y hU^o ^1 7@©:r5 7fr*^t^T^ ij-yAltmtl 

15 cniC3*UT.^-rB{l.ff?E(ri:Sf5n(i7KtOfigMlft*>*2 0" 5 0" 
{i. *3^. 7]<it(DmMm<2 0' 3(>^t>5 0* gScD^tt^WU> S<e(®m7Ktt 

t(Dmnkntr<2 0' sircD^mcomTicmzti^B mmmmizM-timamj^o 
h7i(.izm-i>mmi^<D:^*m < nc . mmiz^^miznm-t?>mzj:^xiimm 

4 9 
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^fl»J3 2 

7^^-4f^^^^7'V;p (STS-ii) (^*<b^s 

^*^Mh^-?S3.5 mn) ^i^^ 1 Ul^-r«>«r CDie-^Jfc (^^— T'i®?^!:^ 
iCD-^fftC^si-r^Sge^b^CDmS^) Til-^L^ 1 5 cmmn<OM^^^ (AB02 
EOl) 0«ffitrX7°l/-=>— T^-f >^-^tw^OM^U. 750°CX«i800»CCDiaft 
15 T- 1 0 ^F^^fiK L . # 1 W^- # 6 l^*4^?#/Co # 2 K*4s # 4 U.^. # 5 l^i|54s 

*gm^« 1 1 ic^-To 



25 



5 0 
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mi 1 







("C ) 




C ) 


# 1 


1 


800 




0 


# 2 


5 


800 




0 


# 3 


1 5 


800 




0 


#4 


1 5 


750 




0 


# 5 


5 0 


750 




0 


# 6 


9 5 


800 


wo 


5 


# 7 


1 0 0 


750 




8 


# 8 


0 


800 




1 1 


# 9 


0 


800 




1 4 



7^ h^jc h^^i/i/^> (zj^Uzj- htt> Ji^>'P2 8)^15 onEg^cDjfiftb^ 

15 ^-yu CAB02E01) (Dmm\z:^y\y-zj-7- >( y^m\zxK^mp\^. *^2o^r^*tji 

5 1 
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mMmi tnm(o-y5m-v. 1 5 cmmn^om^^ ^ (abozeod ©Mtc^t 

15 'i^i^tlfztm=^1& B F^^RJrfrSCe U/C^. BLB ^ifKl^m L ^T 0 . 5 mW/can 2 

20 ^mm 3 5 



^n\^fli!}^k>^^Jl^^7i^^\^MtzLtz7i(.(D'^\zm:mi.tztZ^. ^riz-T 



10 



^ifi^J 3 4 
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mmm 3 6 

10 

^mm 3 7 

mmm s e i ^^r^izt>tz o mmm 2 3 tRmco>mtimmumizn u 

/Co 1 ^^^{ram{rj:»)aSL/C(i:c:^. liSjK4^cDffni±l2i!:>t.n/j:*^-p/Co 

15 

mmm 3 8 

^i£fi^J2 7 <i:l^^(D:;&^T% 1 5 cm \iaf^(OW^^ )V (AB02E01) 

25 

mmm^ 9 

lllfifi'>J2 7 «tl^ti©:;^feT% 1 5 cmmn<^W^^^ Ji' (AB02E01) ©Sffijr 

5 3 
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5 MX'h-yfz^ 

^iz^ c(D^ ^ Mz-z>i^xmmm 1 9 tmm<Dys&xtjLm^^'^m^tctz.^. 
:kmm(D^umii i o %^mx ^-otzo 

mmm4 o 

mnm2 ? «i:i^«i©7^}*T% i s anmnoDmfik^^ji' (abozeod 
15 ^mm2otmm^:^^x^'f-^^j^j^t;zr^>(D^.^m'^^i6tztz^. 

9 8 %T^>o/c„ 

— mmm4 1 

B02E01) ^10 Bffll^BJrJriJCSU^^s Hg-Xe ^ >-f^m^>'XtfiM 1 2 ©^<2|^ 



mi 2 







7 h 

(7* h >/sec/cin2) 


313 


10.6 


1.66x10" 


365 


18 


3.31 X W 


405 


6 


1.22X10" 



5 4 
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au^j^m^^i 8Aa*>t»i^i scgitr^-To mi sAmt^^mi scmiz^ 

^•fCffl^-r^jfeS 387mn Jii^m >i4^7l/^CD^^|g (387mn J; OSt^J&S®^^ 

10 i; xmmib<mpH.<t ■^nzz.ti)<^i^z>o 

mmm 4 2 

7f^^)^^Ul/y^Uy^ U— h (PET) <Dy ^ C»±-fe'D rJ' D P 

PCM OHP :? .f yuA. jF-ooi) ci^ififi^j 1 8 tmmooi^^^^T^^mmmmmii 

20 Mfr. -ffe© PET -7 /l/A (JF^l) »C7Ktt# U J^^^T^^'U^** A 

-124S) ^mfBly. iio»c©igjKTfiI'fb$-B-. v-=r- h^j^fiJtU^o 
^/c. ;i?V;^-5}?^- h (PC) tSfC^Jfi^Jl 8 ^i^^o^^-T-g-WMM^a 

25 ms'^m.^L. iio«»c©^afl[T'B!<b$#s #35t3isf^»yto 

5 5 
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# ltii|4*>t>#4^*4i>ctC/PET7><>'UA (JF^l) t^^V:fj-^^^-h^i:i 

BLB ^iti^r^m C ^T 0 . 6 mW/cm ^ ©MST-^t^^ft^MIt U nc*< ^ , S^i|54©^® 
5 ^13 



t^^4 




1 


2 


3 B^ 


1 0 B^ 


# 1 


7 1° 


4 4' 


3 2' 


7" 


2" 


# 2 


7 3' 


3 5' 


1 6' 


3" 


2' 


# 3 


6 6* 


5 5' 


2 7° 


9° 


3' 


# 4 


6 5° 


5 3° 


3 6° 


1 8* 


2' 


PET 


7 0* 


7 2* 


7 4^ 


7 3* 


6 0' 


PC 


9 0" 


8 6" 


8 8' 


8 T 


8 9' 



^1 3*^t»^*^■5J:■5(C. «l^'fi^ra|t{ionTS^3|sfM*<^'ffc$ns 
3 B^{w(iMj&^jS^7K<b$nTt^-2>o ^WJl 4(iK^UTBuizeU/Cck9 li> 

tc. 0.6 mw/cm ^o^g^j-iiaBHSii. ±&am*9 i£ <':*:i^^{c^* 

IS mmm4 s 

mSi$i^ WEL-SUN-HC) ^mi^T. tf-^^>T-^j^iZji^±mM^\^Ut<i^s 

1 4 tr^-To 

5 6 
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mi 4 





500 ma 


1000 


3000 i^fQ 




9 1 


9 5 


9 0 


#2un 


9 9 


1 0 0 


9 8 



15 AXIitI, !JtJto<^#)N. J^C ^CDlS^g^l&{rflJ||•r 

5C<!:*<T•^^o 



5 7 
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m ^ (o m m 

10 

2. aulB®oa®{i3tS&ie^{C7Ki:©S)l!!lftir»SCLT*^l 0* Jg^TOTK^titt 

15 M.-r^m^m 2 {cso* < gssttsfeo 

4. |ljia3tMI«tt*t*4{i, "no,, ZnO, SnO,^ SrTiO,. WO,. Bi^O,, Fc30,*^t>^j: 



8. m£mmti^')^-^yt^y>'fi^^ itiaafeM<D^®tt->y='->^3-^«>'!r^m 



5 8 
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10 

1 2. itfiBJifi. Hc. Ag. cu, 2n*^t.nc-5Sf*^t»s^^n/cla©^K^'g•t; 

ft^Jgl E5«tti^o 

15 

1 3. mnmn. pt, Pd, Rh, ru, os, Ir*^t>>^^-5«f*^t,s{^n/cl®cD 
1 4 . mmmitm^mxitmmmmm'u$> ^m^m 1 ~ 1 3 cdi ^^n*^^r^o' < 

15. au£IK{i^M^^<'y ^ i ^-T*55il*]B 1-13 ©l>-cJn*^tr3|-^< ID? 

25 16. 1(lSII{i#^ffl#I^T*> S 1 - 1 3 ©(, < E&«14l^o 

17. SBJ>SL'>X?^Ji!c<*<h. 

5 9 
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2 0. |ifia^tt«Ei4*t*4{i. TiOj, ZnO. SnOj. SrTiO,, WO,, Bi,©,, FeJ03*^.^> 

15 
20 



6 0 
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u y xmf^w i Btj fail <b © Pb^ { w (i Huie ;^ > *N' u > xm^wib-^ ^ -mm . 

5 2 6. lul2^S{iv''J^©^l^*^t>/XSfil?^^2 5{r«-:J<|»»ttU>X„ 
2 7. B5riaSO^${i*ti0.2 i^mJeiTT^Sft^l^^ll 7fr*-:J<ES»ttb>X, 

10 |g*]S 1 7 tc^o* < ESStt >Xo 

2 9. liiiaMii. pt, Pd, Rh, Ru, OS, Ir*^^>7a:5»*^t»S{^n/; la® 

15 3 0. |gfeU'>X(illBggU>XT*»5l»^:51 7~2 9©^,^•^n*^^r»-:^< IDJft 

3 1 . Itilfi 1^ >X{i^^ U >Xr*-Slf 1 7 ~ 2 9 CDt ^-:5n*^^r*■o* < mst 
f4U>X„ 

20 

3 2 . 15121/ >X(i:?Ktau > XT'** fS^^ 1 7 ~ 2 9 ®t ^-^n^^tr^^ < K 
«ttU>Xo 

3 3. ioiei/>X{±rtfflgS®l/>XT*>5ll*:Sl 7-2 9 ©t^-:^tl*^^rS^< 
25 |tS«ttU>X„ 

3 4. i(J£l/>X(irUXAT-*-5lt^]gl 7-2 90l>^n*Mr»^-< ESSt* 

6 1 
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3 5. mmt£&^t. 

10 3 6. BtjiaMcDM{iMj^e»^iC7K<tO^M^{C^^LTjjs^l 0° J£(T©7KjSin 
te^M^^IS*!! 3 5 izm-^ < KStit54^ai#o 

15 

3 8. m^^fmmfmH. riO,, ZnO, SnOj. SrTiOj. WO3, BijO,, Fe,0,*%t> 

20 »^ffi4^«Mto 

I ^ ^ IS^J^^ 3 5 tc^-z^ < E&«ttfii4^«B#o 

4 2 . iij^ifelKrt '> y 3- >3{)^ 0 . iijiSMIS©affi(4v/ y =3- >j^^(D^^ 

6 2 
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10 

4 6. tuia^ti. MiZ.^ Ag, Cu, ZndNt>nj:<5Sf*>«a>iK{in/^ ia©^jg^#t; 
ft 3 5 izm-zS < |»«tt*£4*ISP*^o 

15 

4 7. BfeJi(±> Mfr. Ptx Pd, Rh, Ru, Os, I^*^^/x^^^^t>S^^n/c IS© 

^IR*#trs»A^:® 3 5 trs^ < mmm^^^Uo 

4 8. l(IiaS*^{±.^:;y^X-e*.5IS^:S3 5~4 7 ©l^^tljO^fCSoX K&StttS 
20 t^gg#, 

4 9. miS.Bff^:^U. ^'vXXJiT'^Xf^-y :{^X-C0fi^$nTl>SIII*3g4 8 
25 5 0. iiras^y^Xfi. eSr*. itit*M. l&«6> MtKMx s±m> a 
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